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CLAIMS 



1 . A continuous manufacturing method of optical glass fiber characterized by the 
following facts: in the manufacturing method of optical fiber, after centering polishing of plural 
glass preforms each comprising a clad layer and a core glass having a refractive index larger than 
that of the clad layer, the two end surfaces of said glass preforms are polished; then, and S2ud 

. glass preforms are optically bonded to each other at the end surfaces, while they are continuously 
heated and drawn. 

2. A continuous manufacturing method of optical glass fiber characterized by the 
following facts: in the manufacturing method of optical fiber, after centering polishing of plural 
glass preforms each comprising a clad layer and a core glass having a refiractive index larger than 
that of the clad layer, the two end surfaces of said glass preforms are poUshed; then, said glass 
preforms are bonded to each other at the end surfaces by means of an organic adhesive with 
silica as the main component, while they are continuously heated and drawn. 

DETAILED EXPLANATION OF THE INVENTION 

This invention pertains to a continuous manufacturing method of optical wave guide 
(optical fiber) with good dimensional precision. 

Optical fiber is believed to be the best medium for optical communication. The optical 
fiber is composed of a core glass covered with a glass clad layer. The light input into one end of 
the optical fiber is concentrated in the core glass having a higher refi*active index for 
transporting. For the optical fiber used in optical communication, in order to reduce the 
absorptive loss of light, it is preferred that the content of the ions of nickel, chromium, and other 
transition metals be as small as possible. For example, John McKasie [transliteration] disclosed a 
manufacturing method in Japanese Kokai Patent Application No. Sho 50[1975]-1 20352. 

At present, an important topic to be addressed for adopting the optical fiber as a medium 
for optical communication is that a uniform optical fiber should be manufactured using a 
relatively inexpensive manufacturing method. 

The conventional optical fiber is manufactured in the following steps of operation: a step 
in which a glass film is attached on the iiuier surface of a silica glass tube; a step in which the 
glass tube is converted to a solid glass rod; and a step in wWch the glass rod is heated and drawn. 
In this manufacturing method, the dimensional precision of the obtained optical fiber depends on 
the dimensional precision of the silica glass tube as tlie feed material and the consolidating step, 
and the desired dimensional precision needed for the medium of commxmication may not be 
realized. This problem is particularly significant for the single mode optical fiber that has a high 
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communication volume. When the optical fiber with a high dimensional precision is 
manufactured, the manufacturing yield is low, and, as explained above, as the length of the 
optical fiber that can be manufactured from one glass rod (optical fiber preform) prepared in the 
above is about 1-5 km, the cost needed for performing the fiber drawing operation is high. 
Consequently, the obtained optical fiber is expensive. 

The purpose of this invention is to solve the aforementioned problems of the 
. conventional methods by providing a manufacturing method of optical fiber characterized by the 
fact that a polishing processing step in included, and the glass preforms are bonded to each other 
at the end surfaces while they are heated continuously and drawn to fiber; as a result, an optical 
fiber with substantially infmite length can be manufactured at a low cost. In tlie following, this 
invention will be explained in detail with reference to figures. 

Generally speaking, the method of this invention has three steps of operation. In the first 
step, according to the manufacturing method of high-purity glass invented by one of the 
inventors (Japanese Patent Application No. Sho 47[1972]-45491) or the method described in US 
Patent No. 3,739,292, a high-purity core glass is formed. It is coated with a high-purity clad 
glass; and then coated with a glass with an ordinary purity to form an optical fiber preform. 
While the optical fiber preform is rotated, its outer peripheral surface is subjected to machine 
grinding and fine polishing. Processing is performed such that the center of the core glass and 
the center of the clad glass are in agreement to each other. 

In the second step, the centered optical fiber preform has its two end surfaces polished to 

optical quality. 

In the third step, the optical fiber preforms are bonded to each other at the end surfaces by 
means of optical bonding or an adhesive. Wliile the optical fiber prefonns are fed continuously, 

they are heated and drawn. 

In the following, this invention v^ll be explained in detail with reference to application 
examples. Silicon tetrachloride as the principal feed material of glass as well as germanium 
tetrachloride and oxygen as additives for controlling the refractive index of the glass are blown 
onto a refractory material heated at a high temperature to synthesize the glass. Details of this 
method are described in Japanese Patent Application No. 48[1973]-13562. In this method, a 
glass rod mth outer diameter of 2.5 mm and length of 1000 mm is obtained. The surface of this 
glass rod is heated, and oxygen and silicon tetrachloride are blown on to it to form a clad glass 
with an outer diameter of the obtained glass rod of 7.8 mm. This glass rod is inserted into a 
silica glass tube with outer diameter of 51 mm and inner diameter of 7.6 mm, and they are heated 
and fused to each other, forming a solid glass rod. In order to con-ect for the eccentricity and 
elliptic deviation of the core glass and clad glass that take place in the consolidation step, the 
outer surface is ground for centering, and it is finished to a rod with an outer diameter of 
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[illegible] mm. Then, the two end surfaces are ground and polished to a plane precision of 500 A 
or better. The optical fiber preforms prepared in diis operation are used to form optical fiber 
using the fiber drawing device as shown in the figure. Optical fiber preform (1) is held by 
supporting fixture (2) so that it descends at a constant speed of 1 mm/min. It is heated and 
melted by heating oven (3) at 1500°C. It is pulled by a capstan at a constant outer peripheral 
rotating speed of 194 m/min, forming an optical fiber with outer diameter of 120 pm. When 
optical fiber preform (1) becomes short, new preform (6) supported by supporting table (5) in 
movement synchronized to supporting table (2) is brought to be bonded to optical fiber preform 
(1). Then, the supportive fixing of supporting table (2) is released, and it is moved upward. This 
operation is then carried out repeatedly, so that an infinitely long optical fiber can be obtained by 
fiber drawing the optical fiber preforms, each of which has an infinite length and which are 
bonded to each other at the end surfaces. 

Bonding between optical fiber preform (1) and optical fiber preform (6) can be carried 
out by fully polishing their end surfaces and then pressing them together to realize optical 
bonding. In this way, bonding can be realized easily without increase in the transmission loss of 

light in the optical fiber. 

Also, the following metiiod may be adopted for bonding: after the conventional optical 
polishing, an adhesive mainly made of sihca and containing water or organic binder is apphed on 
the end surfaces of optical fiber preform (1) and optical fiber preform (6), followed by bonding. 

For example, an adhesive in paste form and prepared from silica powder with size of 100 
mesh or smaller and distilled water is coated with a thickness of 100 jun on the end surfaces of 
the optical fiber preforms, followed by baking at 800"C for bonding the optical fiber preforms to 
each other. Also, it is possible to apply Serima Coat 521 [transliteration] manufactured by 
Arames Co. of U.S.A. (commercial name, an adhesive mainly made of silica and containing an 
organic binder) on the end surfaces of the optical fiber preforms, followed by baking at 100°C to 
bond the optical fiber preforms to each other. When an adhesive is applied to bond the optical 
fiber preforms to each other, it is not necessary to polish the end surfaces of the optical fiber 
preforms to a high precision. This is an advantage. 

The preforms bonded to each other with said adhesive is heated by fiber drawing heating 
oven (3) to forai a thin layer of silica, and the silica layer has a thickness smaller than the 
wavelength of the light. Consequently, it has no influence on the characteristics of the optical 
fiber. 

By continuously drawing 10 preforms (outer diameter of [illegible] |im, length of 1000 
mm), an optical fiber with outer diameter of 120 ^mi and length of 1700 km was obtained 
continuously. 
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As explained above, in the continuous manufacturing method of optical fiber of this 
invention, the optical fiber preforms are polished and are sequentially bonded to each other for 
fiber drawing. As a result, it is possible to increase the dimensional precision, the yield of the 
optical fiber preforms is improved, and it is possible to manufacture the optical fiber 
continuously without stopping the fiber drawing equipment. Consequently, it is possible to 
provide the optical fiber at a lower cost. 

BRIEF DESCRIPTION OF FIGURES 

The figure is a schematic diagram illustrating the fiber drawing equipment in an 
application example of this invention. 

1 , 6 Optical fiber preform 

2, 5 Supporting table 

3 Heating oven 

4 Capstan 
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